Background: Surgical stress and inflammation can cause hyperbilirubinemia, which sometimes occurs after esophagectomy for esophageal cancer (EC). The aim of this study was to elucidate the clinical significance of postoperative hyperbilirubinemia in the management of EC patients. Materials and methods: We retrospectively reviewed records of 81 EC patients who underwent esophagectomy from 2009 to 2014. We compared the clinicopathological and perioperative factors, including the presence of hyperbilirubinemia (total bilirubin ≥1.5 mg/dL), between patients with postoperative infectious complications (PIC group) and those without (Non-PIC group). Results: PIC developed in 52 patients (64.2%). There were significant differences in incidence of postoperative hyperbilirubinemia between the PIC group and the non-PIC group (34.6% vs. 3.4%, P = 0.002), as well as the approach of esophagectomy (P = 0.045), the surgical duration (469 vs. 389 min, P < 0.001), the amount of blood loss (420 vs. 300 mL, P = 0.018), the frequency of intraoperative blood transfusions (32.7% vs. 6.9%, P = 0.012) and the peak postoperative C-reactive protein level (17.3 vs. 8.6 mg/dL, P = 0.007). Multivariate analysis revealed hyperbilirubinemia was independently associated with the occurrence of PICs (odds ratio: 38.6, P = 0.010). The median time to the diagnosis of hyperbilirubinemia was significantly shorter than that of PICs (3.0 vs. 4.5 days, P = 0.025). Conclusions: Postoperative hyperbilirubinemia was associated with the occurrence of PICs and frequently occurred before any PICs become apparent. More attention should be paid to the serum bilirubin level in the management after esophagectomy for EC.
Introduction
Esophageal cancer is the eighth most common cancer worldwide and was the sixth most common cause of cancer-related death in 2012 [1] . Esophagectomy with lymph node (LN) dissection is the principal treatment for locally advanced cancer. Although recent advances in surgical techniques and perioperative management have improved long-term outcomes after esophagectomy [2] , esophagectomy remains an extremely invasive procedure with severe morbidity and high that the development of severe PICs is associated with adverse oncologic outcomes in esophageal cancer patients [8, 9] . Given that severe PICs can be harmful to both short-and long-term outcomes after esophagectomy, early detection and appropriate management to prevent the aggravation of PICs are critical for achieving favorable outcomes in these patients.
Elevated serum bilirubin levels are sometimes observed in patients following esophagectomy for esophageal cancer. It has been shown that surgical stress and inflammation after major surgery cause postoperative hyperbilirubinemia [10] . In addition, several studies have elucidated that postoperative hyperbilirubinemia is associated with the extent of surgery and postoperative complications [11, 12] . However, the clinical implication of postoperative hyperbilirubinemia in the management of these patients has not yet been clarified.
In this study we hypothesized that postoperative hyperbilirubinemia is an informative factor in the appropriate management of patients after esophagectomy for esophageal cancer. The aim of this study was to investigate the association between postoperative hyperbilirubinemia and the occurrence of PICs.
Materials and methods

Study population
We retrospectively investigated 81 consecutive patients with thoracic esophageal cancer who underwent curative esophagectomy with LN dissection between January 2009 and December 2014. This study has been reported in line with the Strengthening the Reporting of Cohort Studies in Surgery (STROCSS) criteria [13] . Clinical data from the medical records of these patients were retrospectively collected and reviewed. The primary tumor characteristics were described according to the tumor-node-metastasis (TNM) classification of the International Union Against Cancer (UICC), 7th edition [14] . The characteristics of the 81 patients are shown in Table 1 . The study population comprised 63 (77.8%) men and 18 (22.2%) women, with the median age of 68 years (range, 44-82 years). Of the 81 patients, six patients had a history of chronic liver disease due to alcoholic chronic hepatitis.
Surgery and preoperative chemotherapy
Surgical procedures, including the approach and the extent of LN dissection, depended mainly on tumor location, preoperative staging, and patients' general condition and comorbidities, as described elsewhere [15, 16] . In brief, open transthoracic esophagectomy (OE) was a standard surgical procedure in our institution. Minimally invasive transthoracic esophagectomy (MIE) with thoracoscopic approach was performed for superficial carcinoma without mediastinal LN metastasis based on clinical staging. Transthoracic esophagectomy including OE and MIE were performed either with mediastinal and abdominal LN dissection (two-field LN dissection) or cervical, mediastinal, and abdominal LN dissection (three-field LN dissection). Transhiatal esophagectomy (THE) with abdominal and limited mediastinal LN dissection was performed for tumor of the lower thoracic esophagus without mediastinal LN metastasis. All of the patients underwent feeding jejunostomy at the same time of esophagectomy, and enteral nutrition was started within 4 days after esophagectomy. Preoperative chemotherapy using a combination of 5-fluorouracil and cisplatin or nedaplatin was performed in patients with stage IB, II or III disease.
Definition of postoperative hyperbilirubinemia and complications
We performed routine blood tests at postoperative days 1, 2, 3, 5 and 7. The subsequent blood tests were performed according to the clinicians' decision. We defined postoperative hyperbilirubinemia as a peak in the total bilirubin (T-bil) level above the upper limit of normal (≥1.5 mg/dL) within 7 days following esophagectomy. If the occurrence of postoperative complications was suspected based on clinical symptoms and/or the results of the blood test, complete examinations, such as X-ray imaging and computed tomography, were added to diagnose complications. We defined the following complications which were grade II or higher according to the Clavien-Dindo classification [17] as PICs: pneumonia, superficial or deep incisional surgical site infection (SSI), organ/space SSI including anastomotic leakage, mediastinitis pyothorax, abdominal abscess, enteritis, blood stream infection, and urinary tract infection.
Data analysis
Differences of clinicopathological and perioperative factors between patients with postoperative infectious complications (PIC group) and those without (Non-PIC group) were assessed using the Mann-Whitney U test for continuous variables and the Pearson chi-square test or Fisher's exact test for categorical variables as univariate analyses. Differences in the number of days after esophagectomy until the diagnosis of postoperative hyperbilirubinemia and PICs were evaluated with the non-parametric Wilcoxon signed-rank test. A two-sided P value < 0.05 was considered statistically significant. Multivariate analyses were performed using logistic regression analyses to assess the independent association between postoperative hyperbilirubinemia and PICs: stepwise selection was used for variable selection, with entry and limits of P value < 0.05. The stability of this model was confirmed by means of a step-backward and step-forward fitting procedure. All analyses were performed using IBM SPSS statistical software version 22 (IBM Corp., Armonk, NY). 
Results
The details of PICs and mortality in the study population
PICs occurred in 52 (64.2%) of 81 patients, and the details of PICs are shown in Table 2 . The most common infectious complication was pneumonia, which developed in 31 patients (38.3%). Organ/space SSI was observed in 17 patients (21.0%), including anastomotic leakage in 12 patients (14.8%), mediastinitis in five patients (6.2%), pyothorax in one patient (1.2%), and abdominal abscess in one patient (1.2%). Mediastinitis and abdominal abscess caused by anastomotic leakage each occurred in one patient. Operative mortality was not observed in the study population.
Clinicopathological and perioperative factors
There were no significant differences in any clinicopathological factors including the history of chronic liver disease, preoperative serum albumin and T-bil levels between the two groups ( Table 3 ). The details of the perioperative data of the two groups are given in Table 4 . The peak postoperative T-bil level was significantly higher in the PIC group than in non-PIC group (1.2 vs. 0.9 mg/dL, P < 0.001). The incidence of postoperative hyperbilirubinemia was significantly higher in the PIC group than in non-PIC group (34.6% vs. 3.4%, P = 0.002). In addition, there were significant differences between the PIC group and non-PIC group in the following five factors: the approach of esophagectomy (P = 0.013), the surgical duration (469 vs. 389 min, P < 0.001), the amount of blood loss (420 vs. 300 mL, P = 0.018), the frequency of intraoperative blood transfusions (32.7% vs. 6.9%, P = 0.012), and the peak postoperative C-reactive protein (CRP) level (17.3 vs. 8.6 mg/dL, P = 0.007). To assess the independent association between postoperative hyperbilirubinemia and the occurrence of PICs, the above-mentioned five factors and hyperbilirubinemia were included in the logistic regression analysis ( 
Time to diagnosis of hyperbilirubinemia and PICs after esophagectomy
To examine the clinical significance of postoperative hyperbilirubinemia, we focused on the 18 patients who developed PICs and hyperbilirubinemia after esophagectomy. The number of days after esophagectomy until the diagnosis of hyperbilirubinemia and PICs are shown in Fig. 1 . Postoperative hyperbilirubinemia occurred before any PICs became apparent in 12 patients (67%) and the median time to the diagnosis of hyperbilirubinemia was significantly shorter than that of PICs (3.0 vs. 4.5 days, P = 0.025). On the other hand, the median time to the diagnosis of elevated CRP level over 15 mg/dL was almost same as that of PICs (4.0 vs. 4.5 days, P = 0.389).
Discussion
PICs such as pneumonia and anastomotic leakage unfortunately develop after esophagectomy in spite of meticulous postoperative management. Early detection and appropriate management to prevent the aggravation of PICs might be necessary to achieve favorable longterm outcomes after highly invasive esophagectomy with LN dissection for esophageal cancer. Several studies have already reported that hyperbilirubinemia is associated with not only major thoracic surgery such as esophagectomy but also post-esophagectomy complications [11, 12] . We conducted this retrospective study to elucidate the clinical significance of postoperative hyperbilirubinemia especially in the management of patients with esophageal cancer after esophagectomy. Multivariate analysis revealed the significant association between hyperbilirubinemia within 7 days following esophagectomy and occurrence of PICs. Furthermore, postoperative hyperbilirubinemia occurred significantly earlier than any PICs became apparent in this patient population. To the best of our knowledge, this is the first study to demonstrate that T-bil level is a potentially useful marker for the early detection of PICs after esophagectomy for esophageal cancer. The pathophysiologic mechanism of postoperative hyperbilirubinemia after esophagectomy has been conceived to be intrahepatic cholestasis due to cytokine overproduction. Geier et al. reported that proinflammatory cytokines, including tumor necrosis factor, interleukin-6, and interleukin-1β, which are produced by macrophages resident in the liver (Kupffer cells), were potent inhibitors of the hepatocellular and cholangiocellular transport systems to excrete bilirubin [18] . In the present study, the peak postoperative T-bil levels were significantly higher in the PIC group than in non-PIC group (1.2 vs. 0.9 mg/dL). PICs was the only independent risk factor of postoperative hyperbilirubinemia (data not shown, OR: 14.8, 95% CI: 1.86-118.05, P = 0.011). These results support the theory that cytokine overproduction and inflammation caused by PICs may be related to the elevation of postoperative bilirubin levels. Constitutional jaundice, as in Gilbert's syndrome and Dubin-Johnson syndrome, is also a known cause of postoperative hyperbilirubinemia [19] . In this study, the median preoperative T-bil level in the enrolled 81 patients was 0.5 mg/dL, and only one patient had preoperative T-bil level of 1.5 mg/dL or more. There were no significant differences in preoperative T-bil level between patients with PICs and those without it. Therefore, we considered that there was no potential association between constitutional jaundice and postoperative hyperbilirubinemia in this cohort.
In this study, we defined postoperative hyperbilirubinemia as a peak in T-bil level of 1.5 mg/dL or more within 7 days following esophagectomy. We could calculate T-bil cutoff level on the basis of sensitivity and specificity using receiver operator curve. However, there is a possibility that the calculated cutoff level excessively fit this research cohort and loses reproducibility. Therefore, we adopted the cutoff level of T-bil which was determined according to the upper limit value of the normal range (1.5 mg/dL) in our institution. In addition, because the routine blood tests were performed at postoperative days 1, 2, 3, 5 and 7, we could get the reliable data of T-bil without missing values within 7 days after esophagectomy in all the enrolled patients. Therefore, we used a peak T-bil level within 7 days after esophagectomy to define the postoperative hyperbilirubinemia.
At present several biochemical markers of the acute systemic inflammatory response, such as CRP and white blood cell (WBC) count, have been used for predicting postoperative complications in patients following surgery for esophagogastric cancer [20, 21] . In line with these studies, elevated CRP level (≥15 mg/dL) was identified as one of the significantly associated factors with PICs in the present study. However, we found that the median time to the diagnosis of elevated CRP level was almost the same as that of PICs. On the other hand, the median time to diagnosis of postoperative hyperbilirubinemia as determined by T-bil testing was significantly shorter than that of PICs. In addition, the severity of PICs was not associated with whether the postoperative hyperbilirubinemia antecedent to PICs was observed or not (data not shown). These results suggest that T-bil might be a useful indicator for predicting PICs regardless of the severity in clinical practice. We defined hyperbilirubinemia as a peak in the total bilirubin level of ≥1.5 mg/dL. Fig. 1 . The number of days after esophagectomy until the diagnosis of hyperbilirubinemia and postoperative infectious complications. Upper graph shows 12 patients whose hyperbilirubinemia occurred before any PICs became apparent. Lower graph shows 6 patients whose hyperbilirubinemia occurred after any PICs became apparent. The median time to diagnosis of hyperbilirubinemia was significantly shorter than that of PICs (3.0 days vs. 4.5 days, P = 0.025).
In the 1990s the incidence of postoperative hyperbilirubinemia (Tbil level ≥2.0 mg/dL) was reported as 64-67% [10] [11] [12] 22] . A more recent study showed that the incidence of postoperative hyperbilirubinemia (≥2.0 mg/dL) was 35.5%, which was lower than the previous studies [23] . This discrepancy is likely due to the recent advances in operative techniques and perioperative management, which contribute to the reduction of postoperative inflammation. In this study the incidence of hyperbilirubinemia of 23.5% was lower still, even though the T-bil cutoff value of ≥1.5 mg/dL was lower than previous studies. One possible explanation of the lower incidence of hyperbilirubinemia might be the influence of early enteral nutrition. Early postoperative enteral nutrition from feeding jejunostomy is considered to reduce the production of inflammatory cytokines by preserving the gut mucosal barrier and preventing bacterial translocation [24, 25] . Indeed, early enteral nutrition reduced the duration of systematic inflammatory response syndrome after esophagectomy in our previous study [26] . Aiko et al. showed that the mean values of total bilirubin were lower in the immediate enteral nutrition group than in the parenteral nutrition group [27] . Enteral nutrition was identified as an independent negatively associated factor with hyperbilirubinemia after esophagectomy [23] . The postoperative enteral nutrition was started within 4 days for all patients in our study. We carefully introduced the enteral nutrition with an initial dose of 200-250 mL of elemental diet under 20 mL/h to prevent the refeeding syndrome. On the other hand, patients who underwent total parental nutrition were included in the previous studies [10, 12, 23] . Therefore, postoperative early enteral nutrition might prevent the elevation of T-bil after esophagectomy.
There are three main limitations of the present study. First, this was a single institutional analysis of a small number of patients. However, we enrolled all the 81 consecutive patients who underwent curative esophagectomy for thoracic esophageal cancer during a short term from 2009 to 2014. This high rate and short-term inclusion period reduces potential selection bias arising from differences in preoperative management, surgical techniques, and preoperative therapies. Second, the traditional inflammatory factors such as IL-6 and IL-8 were associated with the complications after esophagectomy [28] [29] [30] . It is important to clarify a correlation between these factors and T-bil level. However, because we did not obtain the data on postoperative levels of these factors, we could not assess the correlation in this retrospective study. Future analysis should be conducted including this point. Third, it remains unclear whether early diagnostic approaches based on postoperative hyperbilirubinemia actually lead to the earlier detection and the reduction of the severe PICs and improvements in outcomes after esophagectomy. Nonetheless, we believe that our present findings are clinically informative for further multi-institutional prospective studies to demonstrate the clinical utility of T-bil level monitoring in the management following esophagectomy.
Conclusions
In conclusion, postoperative hyperbilirubinemia was independently associated with the occurrence of PICs in patients with esophageal cancer after esophagectomy. Furthermore, postoperative hyperbilirubinemia frequently occurred before any PICs become apparent. More attention should be paid to the serum bilirubin level in the management after esophagectomy for esophageal cancer.
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